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PROCESS FOR PREPARING CAPROLACTAM BY ADMIXTURE OF 
5 CYCLOHEXANO NE OXIME TO A REACTION MIXTURE 



The invention relates to a process and an apparatus for preparing 
caprolactam by admixture of cyclohexanone oxime to a reaction mixture comprising 
caprolactam, sulfuric acid and optionally free S0 3 - 

1 o Caprolactam can be prepared by Beckmann rearrangement of 

cyclohexanone oxime. Such Beckmann rearrangement can be carried out by admixing 
cyclohexanone oxime to a reaction mixture comprising caprolactam, sulfuric acid and 
optionally free SO* In such process the sulfuric acid and optional free S0 3 catalyse the 
conversion of cyclohexanone oxime towards caprolactam. 

1 5 US-A-3601 31 8 describes the importance of the mixing conditions to 

obtain caprolactam of the desired purity. A mixing device is disclosed comprising a 
tube through which a process liquid can flow, which tube, as seen in the direction of 
flow, narrows to a throat, and which beyond the throat widens. A plurality of channels is 
disposed around the tube and open into the tube, through which channels a feed liquid 

20 can be admixed to the process liquid. It is described that the mixing device is 

particularly suited for situations wherein the liquids must be thoroughly and completely 
mixed In the virtual absence of any turbulence. One of such situations is described to 
be the Beckmann rearrangement of cyclic ketoximes in the presence of sulfuric acid or 
phosphoric or polyphosphoric acids. 

25 We found that the use of the mixing device as prescribed in US-A- 

3601318* i.e. under conditions of laminar flow, forthe preparation of caprolactam 
results in a low yield. 

Goal of the invention is to improve the yield. 

This goal is achieved according to the invention by providing a 

30 process for preparing caprolactam by admixture of cyclohexanone oxime to a reaction 
mixture comprising caprolactam and sulfuric acid using a mixing device, said mixing 
device comprising (i) a tube through which the reaction mixture can flow, and (ii) 
channels disposed around the tube, said channels opening into the tube, said process 
comprising: passing the reaction mixture through the tube, and feeding the 

35 cyclohexanone oxime into the reaction mixture through one or more of said channels, 
wherein Re >5000, Re being the Reynolds number as defined by p-V D/ri, wherein 
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density (in kg/m 3 } of the reaction mixture that is fed to the tube 
velocity of the reaction mixture, V being defined as W/A, wherein W is the flow 
rate (in m 3 7s) of the reaction mixture that is fed into the tube and A is the cross 
section area of the tube (in m 2 ) at the level where said channels open into the 
tube. 

diameter of the tube at the level where said channels open into the tube 
(in m). 

viscosity of the reaction mixture that is fed into the tube (in Pa s). 

it was found that the yield is increased when the increased Reynolds 
10 number are applied according to the invention. Moreover, a high purity is achieved* 

This process is distinguished from the process of US-A-3601318 in 
that the main stream of US-A-3601318 is in laminar flow- The Reynolds number 
corresponding a laminar flow is not higher than 2100. 

According to the invention Re > 5.000. A further increase of the yield 
15 is advantageously achieved applying increased values of Re. Preferably, Re > 10.000, 
more preferably > 15.000, more preferably > 20.000, more preferably > 25.000. For 
practical reasons, Re is generally < 100.000. 

According to the invention, the reaction mixture is passed through a 
tube. Any suitable tube may be used through which a liquid may be passed. Preferably, 
20 the tube has a generally cylindrical shape. Preferably, the tube, as seen in the direction 
of flow, narrows, in a first part, to a throat, and, optionally, widens beyond the throat In 
a second part. Preferably, the channels open Into the first part, the throat or the second 
part of the tube, most preferably into the throat. As used herein the throat refers to the 
part of the tube beyond the first part (seen in the direction of flow) having the smallest 
25 cross section area. The angle with which the first part narrows (angle between the wail 
of the first part and the axis of the tube) is preferably more than 5 °. The angle with 
which the second part widens is preferably more than 5 ° (angle between the wall of 
the second part and the axis of the tube). 

According to the invention, channels are disposed around the tube. 
30 The channels may be any suitable openings through which cyclohexanone oxime can 
be fed into the reaction mixture. The channels may have any suitable diameter. The 
diameter of the channels is preferably at least 2 mm. This reduces the risk of clogging 
of the channels. The number of channels that are disposed around the tube may vary, 
and may for instance be between 2 and 32, preferably between 4 and 24. Preferably, 
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the mixing device comprises a feed chamber, said feed chamber toeing disposed 
around the tube, from which feed chamber the channels open into the tube. The feed 
chamber may be connected to the source of cyciohexanone oxime, and cyciohexanone 
oxime may be fed from the feed chamber, through the channels into the tube. 
5 According to the invention cyciohexanone oxime is fed into the 

reaction mixture comprising caproiactam, sulfuric acid and optionally S0 3 . As a result 
cyciohexanone oxime is converted into caproiactam by Beckmann rearrangement. 
Such conversion is known to occur almost instantaneously. 

The reaction mixture comprises caproiactam, sulfuric acid and 

10 optionally S0 3 . Preferably, the ratio M defined as (n S 03 + nHzso4)/r>ca P is between 1 and 
2.2, more preferably between 1,1 and 1.9, wherein n S oa = quantity of SO s in reaction 
mixture (In mot), n^soi « quantity of H 2 S0 4 in the reaction mixture (in mol), n^ * 
quantity of caproiactam in reaction mixture (in mol). The reaction mixture comprises 
8O3, the S0 3 content preferably being at least 1 wt.%, more preferably at least 2 wt%, 

15 more preferably at ieast 4 wt% S0 3f more preferably at least 6 wt% more 

preferably at least 8 wt% SO s , more preferably at least 10 wt.% SO3, more preferably 
at least 12 wt.% S0 3 . For practical reasons, the S0 3 content of the reaction mixture is 
usually leas than 20 wt.%, for instance less than 1 8 wt%, for instance less than 1 7 
wL%. As used herein the S0 3 content refers to the weight of the SO3 relative to the 

20 weight of the reaction mixture. In a preferred embodiment M is between 1 .0 and 1,4, 
preferably between 1.15 and 1.4, the 50 3 content of the reaction mixture being at (east 
2 wt.% S0 3l more preferably at least 4 wt.% SO* more preferably at least 6 wt% S0 3 , 
more preferably at least 3 wt% S0 3l more preferably at least 10 wt.% SO a , more 
preferably at least 1 1 wt.% SO d . A value for M of between 1.0 and 1 .4, preferably 

25 between 1.15 and 1.4, in combination with increased values for the SOa content has 
the advantage that relatively low quantities of ammonium sulfate are formed during a 
subsequent neutralization, while the yield is found to increase with increased S0 3 
content As used herein the values for M and the concentrations SO3 and the 
temperature of the reaction mixture refer in particular to the values In the reaction 

30 mixture obtained after feeding of the cyciohexanone oxime into the reaction mixture, in 
particular of the reaction mixture leaving the mixing device. 

The values for M and the SOs content may be obtained in any 
suitable way. In a preferred embodiment, the process is a continuous process 
comprising keeping the reaction mixture in circulation, feeding a mixture comprising 

35 sulfuric acid and S0 3l for instance oleum or a reaction mixture comprising caproiactam, 
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sulfuric acid and SO a to the circulating reaction mixture, and withdrawing part of the 
circulating reaction mixture. The amount of mixture comprising sulfuric acid and S0 3l 
the S0 3 content thereof and the amount of cyclohexanone oxime fed to the circulating 
reaction mixture may be chosen such that M and the SO a content of the reaction 
mixture have the preferred values. Oleum may have any suitable S0 3 concentration, 
for instance 18 to 35 wt% S0 3 . 

The temperature in the reaction mixture may have any suitable value. 
Preferably, the temperature in the reaction mixture is between 50 and 130 °C, 
preferably between 70 and 120 *C. 

The flow rate of reaction mixture that is fed to the tube and the flow 
rate of the cyclohexanone oxime that is fed into the reaction mixture may have any 
suitable value. Preferably, the ratio w/W < 0,1, preferably, w/W < 0.05, wherein, 
w = flow rate (in m 3 /s) of the cyclohexanone oxime which is fed into the reaction 
mixture through said one ore more channels, and W = flow rate (in m 3 /s) of the reaction 
mixture which is passed through the tube. Using low values for the ratio w/W was found 
to result in Improved yield and purity. Advantageously, w/W < 0.04, preferably w/W < 
0.03, There is no specific tower limit for w/W. In practice, w/W may be > 0.01 . 

The velocity of the cyclohehexanone oxime that Is fed into the 
reaction mixture and the reaction mixture may have any suitable value. Preferably, v/V 
Is between 0.1 and 30, wherein v - the velocity (in m/s) at which cyclohexanone oxime 
is fed into the reaction mixture, V - velocity of the reaction mixture at the level where 
said channels open into the tube, V being defined as W/A, wherein W is the flow rate 
(In nWs) of the reaction mixture that is fed into the tube and A is the cross section area 
of the tube (in m 2 ) at the level where said channels open into the tube. The ratio v/V 
25 may be < 15, for instance < 10, for instance < 5, for instance < 2, for instance < 1.8, for 
Instance < 1.5. The ratio v/V may be > 0.2, for instance > 0.5. 

Preferred values for v/V can be selected in any suitable way. 
In a preferred embodiment, the mixing device comprises one ore more closures, one or 
more of the channels being closabiewith a closure. Preferably each of the channels Is 
30 closable with a closure. As closure can be used any suitable closure means with which 
a channel can be closed and opened, for instance a plug. Preferably a closure or plug 
Is used having a tip complimentary in shape to the channel* Preferably, the closures or 
plugs have a tip complimentary in shape to the channels. This is an effective way of 
closing a channel. 
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(n a preferred embodiment a circulation system is provided 
.comprising (i) the mixing device, &) a cooler for cooling the reaction mixture, (ffi) a 
connecting circuit through which the reaction mixture can flow from the mixing device to 
the cooler, and from the cooler back to the mixing device! the process comprising 
5 circulating the reaction mixture from the mixing device to the cooler and from the cooler 
back to the mixing device. The reaction mixture may be kept in circulation in any 
suitable way. Preferably, the circulation system comprises <iv) a pump for keeping the 
reaction mixture in circulation. Preferably, the pump is downstream of the mixing device 
and upstream of the cooler, as seen in the direction of flow of the reaction mixture. This 

1 0 arrangement is found to facilitate achieving a high Reynolds number. 

In a preferred embodiment, the process comprises collecting the 
reaction mixture leaving the tube in a collecting vessel in the collecting vessel 
additional conversion of cycfohexanone oxime may take place, if not all cyclohexanone 
oxime would have been converted. Preferably, a collecting vessel is provided arranged 

15 to receive the reaction mixture leaving the tube; and the process comprises collecting 
the reaction mixture leaving the tube in the collecting vessel Preferably, the circulation 
system comprises the collecting vessel, the collecting vessel preferably being upstream 
of the pump, as seen in the direction of flow of the reaction mixture. This is found to 
facilitate achieving a high Reynolds number. 

20 In a preferred embodiment, the mixing device comprises adjustable 

closures, the tube being conducted through the wall of the collecting vessel at a point 
downstream of the closures as seen in the direction of flow of the reaction mixture. In 
this embodiment the advantages of the collecting vessel are achieved, while it is still 
possible to operate the closures in a simple way. Therefore, in another aspect the 

25 invention also provides an apparatus, said apparatus comprising (a) a mixing device, 
sard mixing device comprising (j) a tube through which a first liquid can flow (ii) 
channels disposed around the tube, through which channels a second liquid can be 
added to the first liquid, said channels opening into the tube (iii) adjustable closures 
associated with one or more of the channels; and (b) a collecting vessel for collecting 

30 the first liquid leaving the tube, said collecting vessel having a wall, wherein the tube is 
conducted through .the wall of the collecting vessel at a point downstream of the 
closures as seen In the direction of flow of the reaction mixture. 

The tube may comprise a third part beyond the second part as seen 
in the direction of flow, said third part being connected to the second part, the process 

36 comprising the reaction mixture that leaves the second part of the tube through the 
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third part of the tube. 

The process according to the invention is preferably a continuous 

process. 

In a preferred embodiment, the process comprises a) feeding (i) 
5 oleum and (li) cyclohexanone oxlme Into a first reaction mixture comprising 

caprolactam, sulfuric acid and S0 3 ; and b) feeding (Hi) a portion of the first reaction 
mixture and (iv) cyclohexanone oxime into a second reaction mixture comprising 
caprolactam, sulfuric acid and SO3, wherein said feeding of said cyclohexanone oxirne 
into the first reaction mixture and said feeding of said cyclohexanone oxime into the 

1 0 second reaction mixture Is carried out according to the process according to the 

invention. In a further preferred embodiment, the process further comprises feeding (v) 
a portion of the second reaction mixture and (vi) cyclohexanone oxime into a third 
reaction mixture comprising caprolactam, sulfuric acid and SO3, and wherein said 
feeding of said cyclohexanone oxime into the third reaction mixture is carried out 

1 5 according to the invention. 

Preferably, the first reaction mixture, the second reaction mixture 
and/or said third reaction mixture are kept in circulation. 

The first reaction mixture, the second reaction mixture, and the 
optional third reaction mixture comprise caprolactam, sulfuric acid and SO* The molar 

20 ratio M defined as (n S03 * n^saxVncap, wherein nsos = quantity of SO* in reaction 
mixture, in mo!, n H2 so4 ~ quantity of H 2 S0 4 in reaction mixture, in mol, and 
n^p = quantity of caprolactam in reaction mixture, in mol, is preferably different in each 
reaction mixture. The molar ratio M in the first, second and third reaction mixture will, 
as used herein, be referred to as M(1), M{2) and M(3) respectively. The concentration 

26 S0 3 in the first, second, and third reaction mixture will, as used herein, be referred to 
as Cso3(1). C eo3 (2) and Cso$(3)- As used herein the S0 3 concentration will be given in 
wt.% relative to the weight of the reaction mixture. The temperature in the first, second 
and third reaction mixture will, as used herein, be referred to as T(1), T(2) and T(3) 
respectively. As used herein, the values for M, the S0 3 concentration, and the 

30 temperature refer in particular to the value In the reaction mixture obtained after 
feeding of the cyclohexanone oxime into the reaction mixture, in particular in the 
reaction mixture leaving the mixing device. 

Preferred values for M and the SOa concentration can be obtained by 
feeding cyclohexanone oxime to the different stages in the appropriate amounts, and 

35 by applying appropriate quantities of oleum of appropriate SOg concentration. 
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Preferably, M(2) is lower than M{1). Preferably M(3) is lower than 

M(2). 

In a preferred embodiment, M(1) is between 1 .2 and 2.2, preferably 
between 1.4 and 1.85, more preferably between 1.5 and 1.7. Preferably, C S o3(1) Is 

5 between 3 and 20 wt%, preferably higher than 4 wt%, preferably higher than 6 wt.%, 
more preferably higher than 8 wt.%, more preferably higher than 10 wt.%, more 
preferably higher than 12 wt.%. Increased values for C sm (1) have the advantage that 
C S 03(2) can be kept high in the second reaction mixture without having to feed oleum to 
the second reaction mixture. Cso 3 (1) may be less than 18 wt.%, preferably less than 17 

10 wt.%. Preferably T(1) is between 50 and 130 °C, preferably between 70 and 130 °C, 
more preferably between 70 and 120 °C. 

In a preferred embodiment M(2) is between 1.0 and 1.6, preferably 
higher than 1.1, more preferably higher than 1.2, preferably less than 1.5, more 
preferably less than 1.4. Preferably, C S oa(2) is between 0.5 and 20 wt%, more 

15 preferably higher than 1 wt.%, more preferably higher than 2 wt%, more preferably 
higher than 4 wt%, more preferably higher than 8 wt.%, more preferably higher than 8 
wt.%, more preferably higher than 10 wt%, more preferably higher than 12 wt.%. 
Increased concentrations of Csos(2) within the abovementioned ranges for M(2) were 
surprisingly found to result in significantly higher yields. Preferably T(2) is between 70 

20 and 130 °C, preferably between 80 and 1 30 °C, more preferably between 80 and 
120 °C. 

In a preferred embodiment M(3) is between 1.0 and 1.4, preferably 
between 1.1 and 1.35, more preferably between 1.15 and 1.35. Preferably, C S o3(3) is 
between 0.5 and 18 wt.%, preferably higher than 1 wt%, preferably higher than 2 wt.%, 

25 more preferably higher than 4 wL%, preferably higher than 8 wt%, more preferably 
higher than 8 wt.%, more preferably higher than 10 wt%, more preferably higher than 
12 wt.%. Increased concentrations of Cata(2) within the abovementioned ranges for 
M(3) were surprisingly found to result in significantly higher yields. Preferably T<3) is 
between 70 and 130 °C, preferably between 80 and 130 °C, more preferably between 

30 80 and 120 °C. 

Oleum may be fed into a reaction mixture In any suitable way. 
Preferably ail oleum applied is fed into the first reaction mixture. Preferably, the amount 
of cyclohexanone oxime fed to the first reaction mixture is larger than the amount of 
cyclohexanone oxime fed to the second reaction mixture, and, if applicable, preferably 
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the amount of cyclohexanone oxime fed to the second reaction mixture is larger than 
the amount of cyclohexanone oxime fed to the third reaction mixture. Preferably, from 
60 to 95 wt% of the total amount of cyclohexanone oxime fed into the first, second 
and. If applicable, third reaction mixture, is fed into the first reaction mixture. Preferably, 
5 from 5 to 40 wt% of the total amount of cyclohexanone oxime fed into the first, second 
and, if applicable, third reaction mixture Is fed into the second reaction mixture. If 
applicable, preferably, from 2 to 15 wt% of the total amount of cyclohexanone oxime 
fed into the first, second and third reaction mixture is fed into the third reaction mixture. 
Preferably, one parts by volume of cyclohexanone oxime is 

10 continuously introduced into at least 10 parts by volume, more preferably at least 20 
parts by volume of reaction mixture. 

Preferably, w1/W1 < 0.01, preferably w1/W1 < 0.05. Preferably, 
W2AW2 * 0.01, preferably w2/W2 < 0.05, Preferably, w3/W3 < 0.01, preferably w3/W3 < 
0.05, wherein w1, w2 f w3 - flow rate (in m $ /s) of the cyclohexanone oxime which is fed 

15 through said one ore more first channels, second channels and third channels, 
respectively; and W1, W2, W3 = flow rate (in m 3 /s) of the reaction mixture which is 
passed through the first tube, second tube and third tube respectively. 

A continuous process according to the Invention preferably involves 
feeding a portion of the first reaction mixture into the second reaction mixture. A 

20 continuous process according to the Invention preferably Involves withdrawing a portion 
of the second reaction mixture. A continuous process according to the invention may 
involve feeding a portion of the second reaction mixture into the third reaction mixture. 
A continuous process according to the invention may involve withdrawing a portion 
from the third reaction mixture, 

25 A portion of the second reaction mixture and or of the third reaction 

mixture may be withdrawn in any suitable way, Caprolactam may be recovered from 
the second or third reaction mixture by known methods, for instance by neutralization 
with ammonia, and purification of the caprolactam-containfng aqueous phase obtained. 

According to the invention cyclohexanone oxime is fed into the 

30 reaction mixture. The cyclohexanone oxime fed to the reaction mixture may comprise 
water, for instance less than 7 wt%. Preferably, the cyclohexanone oxime fed into the 
reaction mixture has a water content of lass than 2 wt.%, more preferably less than 1 
wt.%, more preferably less than 0.2 wt.%, more preferably less than 0.1 wt%. Feeding 
cyclohexanone oxime having a low water content is advantageous as it is an effective 

35 way for achieving a reaction mixture having high S0 3 content 
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One way of obtaining cyclohexanone oxime having a water content of 
less than 2 wt% is drying cyclohexanone oxime with a high water content for example 
with inert gas. A preferred way of obtaining cyclohexanone oxime having a water 
content of less than 2 wt.% is a process in which cyclohexanone oxime is obtained by 
5 a) preparing an organic medium comprising cyclohexanone oxime dissolved in an 
organic solvent, and 
b) separating, by distillation, cyclohexanone oxime from said organic medium. 

Preparing an organic medium comprising cyclohexanone oxime 
dissolved in an organic solvent is preferably carried out by contacting in a reaction 

1 0 zone in counteraurrent flow a stream of a solution of cyclohexanone in an organic 
solvent which is also a solvent for the cyclohexanone oxime and a stream of an a 
phosphate buffered, aqueous solution of hydroxylammonium; and withdrawing from the 
reaction zone an organic medium of cyclohexanone oxime dissolved in said organic 
solvent Particularly suitable organic solvent for use in the process for preparing 

1 5 cyclohexanone oxime are toluene and benzene. Preferably toluene is used as organic 
solvent The phosphate buffered, aqueous reaction medium is preferably continuously 
recycled between a hydroxylammonium synthesis zone and a cyclohexanone oxime 
synthesis zone. In the hydroxylammonium synthesis zone hydroxylammonium is 
formed by catalytic reduction of nitrate ions or nitric oxide with hydrogen. In the 

20 cyclohexanone oxime synthesis zone, hydroxylammonium formed In the 

hydroxylammonium synthesis zone reacts with cyclohexanone to form cyclohexanone 
oxime. The cyclohexanone oxime can then be separated from the aqueous reaction 
medium which is recycled to the hydroxylammonium synthesis zone. An organic 
medium comprising the formed cyclohexanone oxime dissolved in said organic solvent 

26 is withdrawn from the reaction zone, and distilled to recover cyclohexanone oxime 
having a water content less than 1 wt% and even less than 0.1 wt%. 

The recovery of caprolactam from the reaction mixture obtained may 
be performed by known methods. Preferably, the reaction mixture obtained in the last 
stage of the Beckmann rearrangement is neutralized with ammonia in water and the 

30 ammonium sulfate thus formed is removed from the caprolactam solution. The 
caprolactam solution may be purified by known procedures. 

The invention also provides an apparatus for carrying out the process 
according to the invention, said apparatus comprising a mixing device for admixing 
cyclohexanone oxime to the reaction mixture, said mixing device comprising (i) a tube 

35 through which the reaction mixture can flow (ii) channels disposed around the tube 
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through which channels cyclohexanone oxime can be fed into the reaction mixture, 
said channels opening into the tube; a cooler for cooling the reaction mixture: 
a pump; and a connecting circuit through which the reaction mixture leaving the mixing 
device can flow from the mixing device to the pump, from the pump to the cooler (D), 
5 and from the cooler back to mixing device. It was found that when the pump is 
downstream of the mixing device and upstream of the cooler, the Reynolds number 
according to the invention are advantageously achieved. 

The invention also provides an apparatus according for carrying out 
the process according to the invention, said apparatus comprising: 

10 a mixing device for admixing cyclohexanone oxime to the reaction mixture, said mixing 
device comprising 0) a tube through which the reaction mixture can flow (ii) channels 
disposed around the tube through which channels cyclohexanone oxime can be fed 
into the reaction mixture, said channels opening into the tube; a collecting vessel 
a cooler for cooling the reaction mixture; a connecting circuit through which the reaction 

1 S mixture can flow from the mixing device; to the collecting vessel, from collecting vessel 
to cooler, and from cooler to the mixing device. It was found that, in particular when the 
thai the outlet for the reaction mixture that is passed through the connecting circuit to 
the cooler, is in the tower part of the collecting vessel, e.g. below 50% of the height of 
the collecting vessel, the Reynolds number according to the invention is 

20 advantageously achieved. 

In a preferred embodiment, the mixing device preferably one or more 
closures, one or more of the channels being closable with a closure, and the tube 
extends through the wall of the collecting vessel, such that the closures are stiff outside 
the collecting vessel. This facilitates the use of the closures. 

25 Preferably, the tube, as seen in the direction of flow, narrows, in a first 

part, to a throat, and the tube, optionally, widens beyond the throat in a second part. 
This also facilitates achieving a high Reynolds number according to the invention. 
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pescription of a preferred embodiment 

Referring to figure 1, reaction mixture is kept in circulation in the 
direction of the arrow in a circulation system comprising mixing device A, collecting 
vessel B, pump C and cooler D, Mixing device A comprises the tube that opens into 
5 collecting vessel B, To mixing device A are fed the reaction mixture via line 1 and 
cyclohexanone oxime via line 2. The reaction mixture leaving mixing device A is 
collected in collecting vessel B. Part of the reaction mixture is withdrawn from collecting 
vessel B via line 3, Another part of the reaction mixture is withdrawn from collecting 
vessel B via line 4, and, together with oleum (or a reaction mixture that is withdrawn 
10 from another circulation system) that is supplied via line 5, fed to pump C. The reaction 
mixture leaving pump C enters cooler D via line 6, and is recycled to mixing device A 
via line 1. 

Mixing device A, as illustrated in figure 2, comprises a cylindrical tube 
101 that in first part 101a narrows to throat 101b, and beyond throat 101b widens in a 

15 second part 101c. The second part 101c of the tube is connected to third part 102. 
Channels 103, which are in connection with feed chamber 104, open into tube 101. 
Cyclohexanone oxime Is supplied via feed chamber 104, and fed Into reaction mixture 
through channels 103* The mixing device comprises closures 105 with which channels 
103 can be opened and closed independently. 

20 The tube opens into collecting vessel B f having walls 110. The mixing 

device also comprises a baffle 106 opposite to the exit of tube 101 . 

The following specific examples are to be construed as mereiy 
illustrative, and not limitative, of the remainder of the disclosure. 

25 

Compa rative experim ent and examples 

In the comparative experiment and the example the yield to 
caprolactam (amount of caprolactam formed per amount of cyclohexanone oxime fed 
to the reaction mixture) was determined as follows. Samples were taken at outlet 111, 

30 To a first part (0.2 g) of each sample concentrated sulfuric acid (20 m! r 96wt%) was 
added, as well as 15 g K 2 S0 4 and 0.7 HgO. The nitrogen content of the resulting acidic 
mixture was determined using the Kjeldahl Method, from which the molar concentration 
of nitrogen in the first part of the sample (TN) was calculated. A second part of each 
sample is extracted with chloroform. This method is based on the fact that caprolactam 

35 enters the chloroform phase. The impurities stay in the water phase. The extracted 
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aqueous phase is analyzed for Its nitrogen content by the KJeldahi Method, from which 
the molar concentration of nitrogen in the second part of the sample (RN) was 
calculated. The yield is calculated as follows: 

5 %yleld~(l-—)xl00 

TN 

The adsorbance at 290 nm (Esao nm), used as quality specification of 
the obtained caprolactam, was determined as follows: 

The reaction mixture leaving outlet 111 was neutralized with 
10 ammonia, and the resulting caproiactam-contatning aqueous phase was separated. 
The absorbance of the separated caprolactam-containing aqueous phase was 
measured at a wavelength of 290 nm using a 1 cm cuvet (calculated for a 70 wt.% 
caprolactam solution) 

15 Comparative exoerirnent A 

A set-up was used as depicted in figures 1 and 2. The mixing device 
had the following dimensions: diameter pipe prior to the narrowing 101a: 2600 mm, 
angle a: 17*. diameter throat 101b: 100 mm, angle p: 1 1°. Baffle 108 was not applied. 
The circulating reaction mixture contained 7 wt.% SO a , M being 1.6 (measured in 

20 collecting vessel B). The viscosity of the reaction mixture fed to the mixer was 

0.18 Pas, the density being 1400 kg/m*. The temperature in the collecting vessel was 
1 15 °C. The temperature in the reaction mixture leaving the cooler and fed into the 
mixer was 75 °C. The flow rate of the reaction mixture was 73 m d per hour, 
corresponding to a velocity of 2.5 m/s. The resulting Reynolds number in the throat is 

25 2000. The mixing device was provided with 12 channels (diameter 3 mm). 

Cyclohexanone oxime was fed through 3 channels (9 of the channels being in closed 
position). The flow rate of the cyclohexanone oxime was 3 ton/hr (p = 850 kg/m 3 ). 

The yield was 96 wt.%. The E&q was 6.3. 

30 



I 
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Exarnptel 

Comparative experiment A was repeated with the difference, that the 
throat of the mixing device had a diameter of 51 mm. The other dimensions of the 
mixer, Including angle a: and angle p; 1 1° were kept the same. The flow rate of the 
5 reaction mixture was 82 m a per hour, corresponding to a velocity of 1 1 .4 m/s. The 
temperature In the reaction mixture leaving the cooler and fed into the mixer was 82 °C 
(viscosity 0,12 Pa.s). The Reynolds number Is 6800. The yield was determined to be 
96.7 %. The E^o was 3.3. This example shows that an increase of the Reynolds 
number from 2000 to 6800 results in an Increased yield and an increased purity. 

10 

Example 2 

Example 1 was repeated with the difference that the flow rate of the 
reaction mixture was increased from 83 m% to 300 m*/s, and that cyclohexanone 
oxime was fed through 8 channels (4 of the channels being in closed position), the flow 

1 5 rate of the cyclohexanone oxime being 8 ton/hn The cooling was arranged such that 
the temperature in collecting vessel remained 1 15 < C. The resulting velocity of the 
reaction mixture in the throat was 41 m/s, corresponding to a Reynolds number of 
29200. The yield was determined to be 99.5 %. The E^d was 0.43. This example 
shows that a further increase of the Reynolds number from 6800 to 29200 results in an 

20 increased yield and an increased purity. 

Table 1 gives an overview of the results. 



Table 1 





Re 


V 


V 


v/V 


yield 


E290 


Comp. A 


2000 


2.5 m/s 


23 m/s 


9 


©5% 


6.3 


Voorbeefd 1 


6800 


11 .4 m/s 


46.2 m/s 


4 


96.7% 


3.3 


Voorbeeld 2 


29200 


41 m/s 


46.2 m/s 


1.1 


99.5 % 


0.43 
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CLAIMS 

1 . Process for preparing caprolactam by admixture of cyclohexanone oxime to a 
reaction mixture comprising caprolactam and sulfuric acid using a mixing 

5 device, said mixing device comprising <l) a tube through which the reaction 

mixture can flow, and (IQ channels disposed around the tube, said channels 
opening into the tube, said process comprising: passing the reaction mixture 
through the tube, and feeding the cyclohexanone oxime into the reaction 
mixture through one or more of said channels, wherein Re > 5000, Re being 
10 the Reynolds number as defined by p-V O/ti, wherein 

p = density (in kg/m°) of the reaction mixture that is fed to the tube 

V = velocity of the reaction mixture, V being defined as W/A, wherein W is 

the flow rate (in m 3 /s) of the reaction mixture that Is fed Into the tube and 
A is the cross section area of the tube On m 2 ) at the level where said 
1 5 channels open into the tube. 

D - diameter of the tube at the level where said channels open into the tube 
(in m). 

rj =s viscosity of the reaction mixture that is fed Into the tube (in Pas). 

2. Process according to claim 1 , wherein Re > 10.000, 

20 3. Process according to claim 1 or claim 2, wherein the ratio w/W < 0.05, wherein 
w = flow rate On m 9 /s) of the cyclohexanone oxime which is fed into the 

reaction mixture through said one ore more channels, and 
W = flow rate (In m 3 /s) of the reaction mixture which is passed through the 

tube. 

25 4- Process according to any one of claims 1 to 3, wherein the ratio v/V is 
between 0.1 and 20, wherein 

V • the velocity (In rn/s) at which cyclohexanone oxime is fed Into the 

reaction mixture, 

V = velocity of the reaction mixture at the level where said channels open 
30 into the tube, V being defined as W/A, wherein W is the flow rate (in 

rn 3 /s) of the reaction mixture that is fed Into the tube and A is the cross 
section area of the tube On m 2 ) at the level where said channels open 
into the tube. 

5. Process according to claim 4, wherein vA/ is between 0.2 and 1 .8. 
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6. Process according to any one of claims 1 to 5, wherein the mixing device 

comprises one or more closures, one or more of the channels being closafale 
with a closure, and wherein the process comprises selecting v/V by adjusting 
the number of channels that are closed with said closures. 
5 7. Process according to any one of claims 1 to 6, wherein the tube, as seen in 
the direction of flow, narrows, in a first part, to a throat and which tube, 
optionally, widens beyond the throat in a second part, 

8. Process according to any one of claims 1 to 7, wherein a circulation system Is 
provided, said circulation system comprising (i) the mixing device, (ii) a cooler 

1 0 for cooling the reaction mixture, (iii) a connecting circuit through which the 

reaction mixture can flow from the mixing device to the cooler, and from the 
cooler back to the mixing device and (iv) a pump for keeping the reaction 
mixture in circulation, wherein said pump is downstream of the mixing device 
and upstream of the cooler, as seen in the direction of flow of the reaction 

15 mixture; and wherein the process comprises circulating the reaction mixture 

from the mixing device to the cooler and from the cooler back to the mixing 
device. 

9. Process according to any one of claims 1 to 8, wherein the process comprises 
collecting the reaction mixture leaving the tube in a collecting vessel. 

20 10. Process according to claim 9, wherein the mixing device comprises adjustable 
closures, and wherein the tube is conducted through the watl of the collecting 
vessel at a point downstream of the closures as seen in the direction of flow of 
the reaction mixture. 

1 1 . Process according to any one of claims 1 to 10, wherein the ratio M defined as 
25 (n S( >3 * n H 2so4)/n ca p is between 1 and 2.2, wherein 

n s0 3 « quantity of S0 3 in reaction mixture, in mol 
nHaso* = quantity of H 2 S0 4 in reaction mixture, in mol 
n wp " quantity of caprolactam in reaction mixture, in mol 

12. Process according to any one of claims 1 to 1 1 , wherein the reaction mixture 
30 comprises 6O3. 

13. Process according to claim 12, wherein the S0 3 content in the reaction 
mixture is at least 2 wt%. 

14. Process according to any one of claims 1 to 13, wherein the temperature of 
the reaction mixture is between 50 and 130 °C 

35 1 5. Process according to any one of claims 1 to 14, said process being a 
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continuous process comprising: 

a) feeding (1) oleum and (ii) cyclohexanone oxime into a first reaction mixture 
comprising caprolactam, sulfuric acid and S0 3 ; and 

b) feeding (Hi) a portion of the first reaction mixture and (iv) cyclohexanone 

5 oxime Into a second reaction mixture comprising caprolactam, sulfuric acid 

and SOa, wherein said feeding of said cyclohexanone oxime into the first 
reaction mixture and said feeding of said cyclohexanone oxime into the 
second reaction mixture is carried out according to any one of claims 1 to 
14. 

10 16. Process according to claim 15, wherein the process further comprises feeding 
(v) a portion of the second reaction mixture and (vi) cyclohexanone oxime into 
a third reaction mixture comprising caprolactam, sulfuric acid and S0 3 . and 
wherein said feeding of said cyclohexanone Into the third reaction mixture is 
carried out according to any one of claims 1 to 14. 

15 17 Process according to claim 15 or claim 16. wherein said first reaction mixture, 
said second reaction mixture and/or said third reaction mixture are kept in 
circulation. 

18. Apparatus for carrying out the process according to any one of claims 1 to 17, 
said apparatus comprising: 

20 a mixing device (A) for admixing cyclohexanone oxime to the reaction mixture, 

said mixing device comprising (i) a tube through which the reaction mixture 
can flow 00 channels disposed around the tube through which channels 
cyclohexanone oxime can be fed into the reaction mixture, said channels 
opening into the tube; 

25 a cooler (D) for Moling the reaction mixture: 

a pump (C); and 

a connecting circuit through which the reaction mixture leaving the mixing 
device can flow from the mixing device (A) to the pump (C), from the pump (C) 
to the cooler (D), and from the cooler (D) back to mixing device (A). 
30 1 g. Apparatus according for carrying out the process according to any one of 
claims 1 to 17, said apparatus comprising: 

a mixing device (A) for admixing cyclohexanone oxime to the reaction mixture, 
said mixing device comprising (I) a tube through which the reaction mixture 
can flow (ii) channels disposed around the tube through which channels 
35 cyclohexanone oxime can be fed into the reaction mixture, said channels 
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opening into the tube; 
a collecting vessel (B) 
a cooler (D) for cooling the reaction mixture: 

a connecting circuit through which the reaction mixture can flow from the 
5 mixing device (A) to the collecting vessel (B), from collecting vessel (B) to 

cooler (D), and from cooler (D) to mixing device (A). 

20. Apparatus according to claim 18 or claim 19, wherein the circulation system 
comprises a pump (D), said pump being downstream of the collecting vessel 
and upstream of the cooler, as seen in the direction of flow of the reaction 

10 mixture. 

21. Apparatus according to any one of claims 18 to 20, wherein the mixing device 
comprises one or more closures, one or more of the channels being dosable 
with a closure. 

22. Apparatus according to claim 21 f wherein the tube extends through the wall of 
15 the collecting vessel, such that the closures are still outside the collecting 

vessel. 

23. Apparatus according to any one of claims 18 to 22, wherein the tube, as seen 
in the direction of flow, narrows, in a first part, to a throat, and which tube, 
optionally, widens beyond the throat in a second part. 

20 
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ABSTRACT 

The invention relates to a process for preparing caprolactam by 
admixture of cyclohexanone oxime to a reaction mixture comprising caprolactam and 
5 sulfuric acid using a mixing device, said mixing device comprising (0 a tube through 
which the reaction mixture can flow, and (ii) channels disposed around the tube, said 
channels opening Into the tube, said process comprising: passing the reaction mixture 
through the tube, and feeding the cyclohexanone oxime Into the reaction mixture 
through one or more of said channels, wherein Re > 5000, Re being the Reynolds 
1 0 number as defined by p*VD/n , wherein 

p - density (in kg/m 3 ) of the reaction mixture that is fed to the tube 
V - velocity of the reaction mixture, V being defined as W/A, wherein W is the flow 
rate (in m 3 /s) of the reaction mixture that is fed into the tube and A is the cross 
section area of the tube (in m 2 ) at the level where said channels open into the 
19 tube. 

D = diameter of the tube at the level where said channels open into the tube 
(in m). 

n = viscosity of the reaction mixture mat is fed Into the tube (in Pa s). 
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